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Background
The basal ganglia plays a key role in motor control, and its
dysfunction is associated with various neurological disor-
ders including Parkinson's disease. The symptoms of Par-
kinson's disease include bradykinesia, characterized by a
general slowing of movement execution. The advance of
bradykinesia is highly correlated with the presence of
abnormal oscillations within basal ganglia in the beta
band frequency [1]. Some evidence suggests the oscilla-
tions observed in the basal ganglia originate from the net-
work comprised of two nuclei: subthalamic nucleus
(STN) and globus pallidus pars externa (GPe) [2], while
other authors attribute their source to the entire cortico-
basal-ganglia-thalamic circuit [3]. In this work, we
attempt to address this question of the origin of beta band
oscillations.
Methods
In the present study, we develop a computational model
of the STN-GPe network based upon anatomical and elec-
trophysiological studies. We take the parameters of the
model directly from experimental studies (where possi-
ble), or estimate them by fitting the output of the model
to observations from several neurophysiological studies
[4]. We then model the advance of Parkinson's disease by
increasing weights of certain synaptic connections in the
model in accordance with the experimental literature [5].
Results and discussion
Simulations of the model demonstrate that as the param-
eters were changed to values corresponding to Parkinson's
disease, the model started to produce oscillations with a
frequency close to 30 Hz (i.e. within the beta band). To
establish analytically the occurrence of these oscillations,
we considered appropriate reductions of the model. The
analysis of the reduced models allowed us to identify a
simple set of necessary conditions on model parameters,
which guarantees the existence of oscillatory behavior in
the beta band frequency. To check the validity of these
conditions in the reduced and the full model, both mod-
els were simulated in a wide range of parameters. We
observed that in both the reduced and full model, our
analytical conditions defined very closely the boundary of
the region in parameter space in which the models pro-
duced oscillations in the beta band.
Our simulations and analysis demonstrate that the beta
band oscillations observed in Parkinson's disease can
arise due to intrinsic properties of the STN-GPe circuit,
rather than as a result of an external pacemaker from
another neural region (i.e. cortex or striatum). Further-
more, we identified conditions the parameters of the net-
work needed to satisfy to produce the oscillations. Most
significantly, these conditions describe changes in param-
eters that are consistent with those expected as a result of
the development of Parkinon's disease, and predict
manipulations that could inhibit the pathological oscilla-
tions.
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